Carcinosarcomas are rare gynecological tumors; approximately 2-5% of all uterine and ovarian cancers are carcinosarcomas. Primary peritoneal, vaginal and vulvar carcinosarcomas are extremely rare tumors. Carcinosarcomas are composed of carcinomatous and sarcomatous components. The subtypes are defined as homologous (the presence of sarcomatous component originating from the mesenchymal content of the primary tumor location) and heterologous (the presence of sarcomatous component not originating from the mesenchymal content of the primary tumor location) according to the sarcomatous component (1) . Histogenetic analyses indicated that these tumors originate from epithelial tissue; however, the characteristics and course of the disease are different from epithelial tumors (2, 3) . Gynecological carcinosarcomas are highly aggressive neoplasms with poor prognosis (4, 5) . In previous studies, various prognostic factors have been defined; however, there is no consensus about these factors. Treatment approaches have not been clearly identified for epithelial uterine cancers. The predictive factors for response to treatment are also not known. However, data about uterine carcinosarcoma, due to the rarity of these tumors, are based on retrospective experiences rather than prospective studies. The number of patients was low in the published studies. In this multicenter retrospective analysis, we aimed to define the clinical features and prognostic and predictive factors for treatment options with a larger sample size. The most important difference from the published studies are that it was a multicenter study, had a larger sample size, more treatment modalities and comparable primary origins.
MATERIALS AND METHODS
The present study was designed as a retrospective analysis of a primary uterine and ovarian carcinosarcoma patient cohort. Patients admitted to seventeen oncology centers between 2000 and December 2013 with a histologically proven diagnosis of uterine carcinosarcoma with FIGO 2009 stage I-III and patients with sufficient data obtained from well-kept medical records were included in this study. Stage IV tumors were excluded. The patient records were retrospectively reviewed after approval of the study by the University Ethical Committee. Data from 104 patients were evaluated for this study. Data were collected from the centers with an online standardized form.
Patient data including age at diagnosis, parity, menopausal status, the date of diagnosis, the date and location of disease recurrence, the death date or the last contact date, the applied surgical procedure, lymph node dissection, and the epithelial and sarcomatous components of the tumor were recorded from patient charts.
Macroscopic residual disease was defined as the presence of ≥2 cm of tumor remnant after surgery. Post-surgical treatment was recorded as observation (OBS), radiotherapy (RT) alone (brachytherapy, whole pelvic, or combination), chemotherapy (CT) alone and radio-chemotherapy (RCT) (concomitant, sequential).
Statistical methods
Normally distributed numerical data were tested with the one-sample Kolmogorov-Smirnov test. Numeric variables with normal distribution were compared with Student's t-test, and those that were not normally distributed were compared with the Mann-Whitney U test. Categorical variables were compared using the chi-squared test. Overall survival (OS) was accepted as the period from diagnosis to death. The survival estimates were calculated using the Kaplan-Meier method, and survival estimates between groups were compared with the log-rank test. The median OS was 26.3 (95% CI, 17.9-34.7) months. Menopausal status was not a prognostic factor. Advanced age (<70 years vs. ≥ 70 years) was found to be a prognostic factor (Table 2) .
One hundred and twenty-three patients underwent surgery. The surgical procedures are summarized in Table 3 . The OS was similar in patients who underwent pelvic ± Para aortic lymph node dissection and in patients who did not undergo lymph node dissection (p=0.75). Macroscopic residual disease after surgery was significantly related with OS [32. 5 Patients who received adjuvant RT or RCT had a longer median OS than patients who did not receive adjuvant treatment (p=0.027 and p=0.021, respectively). The median OS of the patients who received adjuvant CT had a tendency to be longer than the patient in the OBS arm (p=0.076). The overall survivals for patients in the adjuvant RT, RCT and CT arms were similar (Figure 2b) .
Numerically, the epithelial component was associated with the longest median OS was endometrioid histology (data not presented). When the patients were stratified as endometrioid and non-endometrioid by epithelial component, the endometrioid component was not a prognostic factor for both the OCS (p=0.33) and UCS (p=0.36) groups. Adjuvant RT significantly prolonged the median OS in patients with endometrioid component (0.034) (Figure 3a) . Adjuvant CT had no effect on the survival of patients with endometrioid component. In patients with non-endometrioid component, while adjuvant RT had no beneficial effect on survival (p=0.4) (Figure 3b) , adjuvant CT had a tendency to be beneficial (p=0.064).
Numerically, the epithelial component associated with the shortest median OS was serous/clear cell histology (data not presented). When the patients were stratified as serous/clear cell and non-serous/clear cell component, serous/clear cell histology was found to be a negative prognostic factor (p=0.035). This difference was observed in UCS patients (p=0.033) but not in OCS patients (p=0.5). Patients with serous/clear cell histology who received adjuvant CT had significantly longer median OS (P=0.019) (Figure 3c) , and there was no beneficial effect of adjuvant RT (p=0.4) ( Table 3 ). In patients with nonserous/clear cell component, adjuvant CT had no beneficial effect on survival (p=0.4) (Figure 3d ).
There was no relationship between the sarcomatous subtypes and the median OS (p=0.62). The efficacy of RT was not similar among the sarcomatous subtypes. However, adjuvant CT was beneficial in patients with heterologous subtypes (p=0.026) ( Table 3) . In multivariate analysis, the disease stage and CT were independent prognostic factors for all patients, and serous/clear cell histology tended to be a significant factor. Age was an independent prognostic factor for UCS patients. Serous/clear cell histology and RT had trends towards being significant prognostic factors (Table 2) . Patients with OCS could not be evaluated with multivariate analysis due to the low patient and event numbers. 
DISCUSSION
Prognostic factors and the standard treatment approach for gynecological carcinosarcomas have not yet been clearly defined. Although carcinosarcomas are more aggressive than pure epithelial tumors, they are treated similarly. It is known that they are more sensitive to ifosfamide than epithelial tumors and insensitive to anthracyclines compared to sarcomas (4,5). Erickson et al. (6) suggested that black race independently predicts worse survival in UCS. However, the predictive factors related to treatment success are not clearly defined. In this current study, we aimed to define the clinical and pathologic features, and the prognostic and predictive factors related with treatment.
Heterologous subtype and unreported sarcomatous component occurred more frequently in UCS patients compared to OCS patients. The most common sarcomatous component in UCS patients was leiomyosarcoma, and chondrosarcoma was the most common sarcomatous component in OCS patients. The second most common sarcomatous component was rhabdomyosarcoma for both sites. The most common epithelial component in OCS and UCS patients were serous papillary carcinoma and endometrioid carcinoma, respectively. The distributions of the epithelial components of the carcinosarcomas were similar to the primary pure epithelial ovarian and uterine tumors. These findings about the frequency of epithelial and sarcomatous components were similar to the results presented in the current literature (1, 5) . Age was not a prognostic factor for all patients. However, it was a prognostic factor for UCS patients. In Thasom et al. (7) also reported that age is a prognostic factor for UCS patients. In addition, Rauh-Hain et al. (8) found age to be a prognostic factor for OCS patients.
In the current study, the stage was one of the most important prognostic factors. The prognostic effect of the stage was more prominent in OCS patients. At an early stage, OCS patients had a more favorable prognosis compared to stage I-II UCS patients; however, at stage III, UCS patients tended to have worse prognosis. Similar to our findings, Garg et al. (9) found that patients with localized OCS have longer survival, although this finding was not statistically significant, compared to patients with localized UCS (129 months vs. 82 months, p=0.11); however, patients with OCS have significantly poor survival outcomes for regional disease (18 months vs. 28 months, p=0.03) and distant disease (10 months vs. 14 months, p=0.001).
Although endometrioid component was not a prognostic factor, it appeared to be a predictive factor for the efficacy of RT. Moreover, in both the univariate and multivariate analyses of UCS patients, CT did not appear to be an efficient treatment. Uterine carcinosarcoma patients with serous/clear cell component have poor prognosis. Athavale et al. (10) reported serous element as a poor prognostic factor for OCS patients. George et al. (11) reported that among the histological features of UCS, the epithelial tumor could influence the clinical course. In the current study, patients with serous/clear cell component who received CT had significantly better survival. These findings suggest that, similar to the most commonly seen pure epithelial uterine tumors, patients with UCS may benefit from RT or CT differently according to their epithelial components.
Although heterologous carcinosarcomas were reported as a negative prognostic factor in many studies, sarcomatous subtypes were not found to be a prognostic factor in others (2, 3, (12) (13) (14) (15) . In this study, we also did not find sarcomatous subtypes to be a prognostic factor. The effect of RT was similar for the different sarcomatous subtypes. However, CT was an efficient adjuvant therapy in heterologous carcinosarcomas in our study. In many studies, a relationship between sarcomatous components and chemotherapy efficacy has not been shown (2, 3, 16) . However, patient numbers in the previous studies were lower than our sample size.
In our study, the efficacy of adjuvant therapy has been demonstrated clearly. In multivariate analysis performed for all patients, while CT was found to be an effective treatment option, RT was not. For UCS patients, while RT had a significant effect, CT did not. Our findings, rather than being inconsistent, suggest that the efficiency of adjuvant treatment options may be related to the primary tumor location, and the epithelial and sarcomatous elements. In our analysis, RCT and CT had similar OS outcomes. Because RCT did not provide better median OS in UCS patients with serous/clear cell component, in those patients, CT could be efficient at all stages whereas RT may have a limited indication for serous uterine carcinoma. In a Phase III randomized EORTC study, it suggested that adjuvant radiotherapy reduces local recurrence but do not improve survival outcome in stage I-II UCS (17). Cantrell et al. (18) retrospectively analyzed 111 stage I-II UCS patients (similar to our results), and they report that in a multivariate analysis, adjuvant CT had better PFS (p=0.003) and OS (p=0.058) than RT. Their findings were similar to ours. Tanner et al. found that patients with stage III-IV UCS who underwent cytoreductive surgery and an application of CT plus RT did not have a survival advantage over CT alone. However, these studies did not stratify their analyses according to histological subtypes.
In this study, patients who underwent pelvic ± paraaortic lymph node dissection and patients who did not had similar OS. Patients with macroscopic residual disease after surgery had significantly worse OS. Tanner et al. (19) showed that complete resection followed by adjuvant treatment is the most important predictor for OS in patients with stage III-IV UCS. Doo et al. (20) reported that the degree of surgical cytoreduction is related to survival outcome and longest PFS and OS are achieved by non-visible disease after upfront surgical treatment in OCS. Similarly, we showed that complete resection was associated with improved survival on OCS patients in our previous study (15) . Moreover, the absence of a relationship between the surgical procedure and OS is noteworthy. Together with this finding, the survival outcomes of patients receiving RCT are no better than patients receiving RT or chemotherapy alone; indicating that aggressive treatment approaches may not lead to better outcomes. In gynecological CS, to avoid post-surgical macroscopic residual disease, neoadjuvant CT may be a preferential treatment option.
Our study has some limitations. First, the data were gathered from different centers using different RT and CT protocols. Due to the low number of patients, the different RT and CT protocols could not be analyzed. The lack of standardized surgery is another important weakness of this study. Adjuvant therapy options were not standardized among centers and were individual. In this multi-institutional study, centralized pathology review would be important and would improve the impact of our finding.
In conclusion, gynecological carcinosarcomas have different clinical and prognostic features according to their primary location. The serous/clear cell component of carcinosarcomas is a prognostic factor. Serous/clear cell and endometrioid components may be predictive factors for the efficacy of adjuvant CT or RT in patients with uterine and ovarian carcinosarcomas. Heterologous carcinosarcomas may benefit more from adjuvant CT. To the best of our knowledge, this current study is the first to report that epithelial and sarcomatous components are predictive factors for RT and CT. 
